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Abstract

According to quantum mechanics, thermodynamics and statistical physics, and chemical reaction
theory, the thermodynamics computational model of rare earth hydrogenation reaction is estab-
lished, and the corresponding computational software is developed and used in the thermody-
namics calculations of hydrogenation reactions of light rare earth metals La, Ce, Pr, Nd, Sm. The
thermodynamic characteristics of these hydrogenation reactions show that La and Ce have better
properties of hydrogen absorption than Pr, Nd, Sm, so La, Ce are the main study objects of hydro-
gen storage material of rare earth.
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Table 1. A,H? for rare earth hydrogenation reactions

#£1 BLERMERRAH®

AH® (kd/mol)

T (K) LaH, CeH, PrH, NdH, SmH,
213.15 —140.762 —129.731 —8.761 —10.594 26.152
223.15 —-141.281 -130.216 -10.262 -11.128 25.598
233.15 -141.793 —-130.696 -11.758 -11.656 25.051
243.15 —142.301 —131.182 —13.255 —12.186 24.503
253.15 —142.814 —131.666 —14.754 -12.715 23.953
263.15 -143.315 -132.145 -16.243 -13.237 23.415
273.15 -143.821 -132.626 -17.738 -13.761 22.871
283.15 —144.323 —133.110 —19.230 —14.288 22.325
303.15 —145.317 —134.068 —21.204 —15.331 21.251
313.15 -145.813 -134.547 —22.690 -15.852 20.714
323.15 -146.302 -135.024 —24.174 -16.367 20.179
333.15 —146.795 —135.499 —25.659 —16.888 19.648
343.15 —147.280 —135.981 —27.138 —17.403 19.114
353.15 —147.762 —136.453 —28.615 —17.916 18.588
363.15 —148.245 -136.928 -30.097 -18.431 18.061
373.15 —148.728 —137.404 —31.574 —18.944 17.532

Table2. A,S? for rare earth hydrogenation reactions

=2 BMEIERMERNAS,

A.S:  (J/mol-K)

T (K) LaH, CeH, PrH, NdH, SmH,

213.15 —160.957 —158.885 —155.180 —153.755 —154.178
223.15 —163.321 —161.107 —157.475 —156.189 —156.703
233.15 -165.571 —-163.233 -159.661 -158.510 -159.113
243.15 -167.715 —165.262 -161.745 -160.728 -161.412
253.15 —-169.764 —167.206 -163.744 -162.852 -163.614
263.15 —171.728 —169.074 —165.656 —164.894 —165.726
273.15 —173.603 —170.866 —167.491 —166.852 —167.747
283.15 -175.407 -172.596 -169.256 -168.736 -169.693
303.15 —178.806 —175.875 —172.589 —172.297 —173.374
313.15 —180.406 —177.423 —174.165 —173.981 —175.109
323.15 —181.955 —178.927 —175.689 —175.613 —176.790
333.15 —183.445 —180.384 —177.160 —177.192 —178.415
343.15 —184.887 —181.795 —178.582 -178.717 —179.985
353.15 -186.282 -183.165 —179.962 —180.201 —181.506
363.15 -187.627 -184.492 —181.296 —181.633 —182.980
373.15 -188.931 -185.779 -182.588 -183.026 -184.408
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Table3. A,G. for rare earth hydrogenation reactions

=3 BEIERMERNAG,

A,G?  (kd/mol)

T(K) LaH, CeH, PrH, NdH, SmH,
21315 ~106.454 ~95.864 24.316 22179 59.015
22315 ~104.836 ~94.265 24.878 23.726 60.566
23315 ~103.190 ~92.638 25.467 25.300 62.148
243.15 ~101.521 ~90.998 26.073 26.895 63.750
253.15 -99.838 ~89.338 26.697 28,511 65.372
263.15 -98.125 ~87.653 27.349 30.155 67.026
273.15 ~96.401 -85.954 28.012 31.814 68.691
283.15 ~94.657 -84.239 28.695 33.490 70.374
303.15 -91.112 ~80.752 31.116 36.900 73.809
313.15 -89.319 ~78.987 31.849 38.630 75.549
323.15 ~87.503 ~77.204 32.600 40.383 77.309
333.15 ~85.680 ~75.404 33.362 42.144 79.086
343.15 -83.836 ~73.598 34.143 43.924 80.876
353.15 -81.977 ~71.768 34.939 45.722 82.687
363.15 -80.108 ~69.929 35.740 47529 84.510
373.15 ~78.228 ~68.081 36.559 49.352 86.343
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Table 4. InP, for rare earth hydrogenation reactions
4 BEERNEFR H, R NFEEDHBANEINP,

InP,
T (K) LaH, CeH, PrH; NdH, SmH,
213.15 —60.068 —54.093 13.721 12.515 33.300
223.15 —56.504 —50.807 13.409 12.787 32.644
233.15 —-53.231 —47.788 13.137 13.051 32.060
243.15 —50.217 —45.012 12.897 13.303 31.534
253.15 —47.433 —42.445 12.684 13.546 31.058
263.15 —44.848 —40.062 12.500 13.782 30.634
273.15 —42.447 —37.847 12.334 14.008 30.246
283.15 —40.207 —35.782 12.188 14.225 29.892
303.15 —-36.148 —32.038 12.345 14.640 29.283
313.15 —34.305 —30.337 12.232 14.837 29.016
323.15 —32.567 —28.734 12.133 15.030 28.773
333.15 —30.932 —27.222 12.044 15.215 28.551
343.15 —29.384 —25.796 11.967 15.395 28.347
353.15 —27.919 —24.442 11.899 15.572 28.161
363.15 —26.531 —23.160 11.837 15.741 27.989
373.15 —25.214 —21.944 11.784 15.907 27.830
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